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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a device and method for 
characterizing the quality of a sheet, and more specifi- 
cally, to a device and method which measure the distri- 
bution of fibers in a sheet by monitoring the variations 
in the intensity of a narrow beam of light transmitted 
through the sheet as the sheet moves perpendicularly 
through the beam. 

Paper is produced from a suspension of fibers. 
These fibers are usually made of cellulose, derived 
mainly from wood and rags. The evenness of the distri- 
bution of these fibers in a sheet of paper is of paramount 
importance to the optical, mechanical and printing prop- 
erties of the sheet. Therefore, one of the chief goals for 
a paper maker is to develop a paper making process 
and adjust the parameters of the process to achieve as 
even a "basis weight" or distribution of these fibers in 
the finished sheet material as possible. In the paper 
making art, the term "basis weight" refers to the weight 
of the paper-forming fibers per unit area of the sheet 
surface. When the fibers are distributed evenly and the 
paper has a uniform basis weight, the sheet of paper will 
have its greatest strength, will look and feel smooth, and 
will be receptive to sharply defined lines of print. Con- 
versely, local variations in the basis weight will yield a 
sheet having poor strength. This is because stress is 
concentrated in the areas of the sheet having fewer fib- 
ers, so that these areas of the sheet tear first. Further- 
more, sheets having uneven basis weight may look and 
feel rough and will blur printed lines. 

To characterize the quality of a sheet of paper, pa- 
per makers refer to the "formation" of the sheet. There 
is, apparently, no standard definition of "formation". 
However, for the present purpose "formation" will be de- 
fined as the manner in which fibers forming a paper 
sheet are distributed, disposed and intermixed within 
the sheet. In all paper sheets, the sheet-forming fibers 
are, at least to a certain extent, unevenly distributed in 
bunches called "floes." However, sheets of paper having 
generally evenly distributed, intertwined fibers are said 
to have good formation. Conversely, when the fibers 
forming the sheet are unacceptably unevenly distributed 
in floes, the paper sheet is grainy rather than uniform 
and is said to have poor formation. 

A variety of devices exist for measuring various 
characteristics of the formation of paper sheets. In one 
such device, called a basis weight sensor (or micro-den- 
sitometer), a beam of tight is transmitted through the 
sheet as the sheet passes perpendicularly through the 
beam. The intensity of the beam is measured by a light 
detector after the beam is transmitted through the paper 
sheet. This light detector is positioned on the opposite 
side of the sheet from the light source. The light detector 
produces an electrical signal indicative of the intensity 
of the transmitted beam. As the basis weight of the por- 



tion of sheet through which the light beam is passing 
increases, the intensity of the beam transmitted through 
the sheet decreases. Thus, the electrical signal from the 
light detector is indicative of the basis weight of the 
s sheet. 

As previously mentioned, the fibers forming every 
sheet of paper tend to congregate in floes. In any one 
sheet, these floes will have a variety of sizes. Thus, as 
the paper moves perpendicularly through the light 
10 beam, the electrical signal produced by the light detector 
will be modulated at a plurality of frequencies corre- 
sponding to the distribution of floe sizes and also to the 
speed with which the paper sheet moves through the 
light beam. As the sheet speed increases, the frequency 
is with which the floes modulate the electrical basis weight 
signal increases. Similarly, smaller floes modulate the 
signal at higher frequencies than larger floes. The am- 
plitude of these modulations corresponds to the local 
variations in basis weight or, what amounts to the same 
thing, the local variations in the distribution of the fibers 
forming the floes. 

In one technique, the formation characterizing de- 
vice displays the average peak-to-peak variation in the 
electrical signal produced by a basis weight sensor. The 
average peak-to-peak value of the electrical signal is 
said to indicate the magnitude of variations in the the 
basis weight of the sheet. However, for the reasons dis- 
cussed below, this technique may give a false indication 
of the sheet formation. > - .. 

In many instances, the paper maker will want to 
make a sheet having as even a fiber distribution as pos- 
sible, i.e. one having good formation. To accomplish 
this, the paper maker will want to know, not only the 
magnitude of the variations in basis weight, but also the 
size distribution of the floes. The paper maker will also 
want to know the strength of the lowest basis weight por- 
tions of the sheet. However, the previously described 
technique, which yields only the average peak-to-peak 
value of the basis weight signal, gives no indication of 
the size of the floes creating these variations in the basis 
weight signal or the strength of the weakest areas of the 
sheet. Thus, this technique fails to completely charac- 
terize sheet formation. 

In another technique for characterizing sheet for- 
mation, a beta radiograph is made of a sample sheet of 
paper Light is then passed through or reflected off of 
the radiograph. Variations in the intensity of a narrow 
beam of this light are converted into an electrical signal 
as the radiograph moves, at a uniform speed, perpen- 
dicularly with respect to the beam. A graphical display 
is produced of the amplitude of the modulations of this 
electrical signal as a function of the wavelengths com- 
prising the signal. This display is called a wavelength 
power spectrum. Fig. 1 illustrates one such display for 
several grades of paper having good, intermediate and 
poor formation. This technique has been discussed in 
great detail by Norman and Wahren in a number of pa- 
pers, including their symposium paper "Mass Distribu- 
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tion and Sheet Properties of Paper". 

For some commercial paper manufacturing situa- 
tions, the Norman and Wahren technique may be inap- 
propriate. As illustrated in Fig. 1, at wavelengths below 
about one millimeter, there is little difference between s 
the wavelength power spectra of a well-formed sheet 
and a poorly-formed sheet. However, from wavelengths 
of about one millimeter to thirty-two millimeters, signifi- 
cant differences exist. Thus, the Norman and Wahren 
technique produces more information than may be nec- 10 
essary for the paper maker to determine formation of a 
sheet. Another possible disadvantage of this technique 
is that it provides so much information that its interpre- 
tation may be difficult for the non-expert. In many com- 
mercial manufacturing situations, the paper maker may is 
prefer a device and technique which provides him or her 
with only a few numbers, which together completely 
characterize the formation of the sheet, rather than an 
entire spectral display. Moreover, this technique, like the 
previously described technique for measuring the aver- 20 
age peak-to-peak value of a basis weight signal, fails to 
provide the paper maker with an indication of the 
strength of the weakest portions of the sheet. Thus, 
even if both techniques are used simultaneously, the pa- 
per maker is still not provided with all the information 2s 
necessary to completely characterize sheet formation. 

SUMMARY OF THE INVENTION 

The present invention is given with independant 30 
claims 1 , 5. 

As the sheet of paper passes through the basis 
weight sensor, local variations in the basis weight of the 
sheet create variations in the intensity of the light beam 
transmitted through the sheet. The light detecting device 3S 
in the receiver portion of the sensor produces an elec- 
trical signal proportional to the intensity of the transmit- 
ted beam and hence inversely proportional to the basis 
weight of the portion of the sheet through which the de- 
tected portion of the beam is passing. Because paper 40 
consists of floes of a variety of sizes, the electrical signal 
from the sensor is modulated at number of frequencies 
as the paper sheet passes between the light source and 
receiver halves of the sensor. These frequencies are de- 
pendent upon both the speed with which the paper pass- 45 
es through the sensor and the size of the various floes 
forming the sheet. However, the signal processing cir- 
cuits of the present invention account for changes in the 
speed with which the paper passes through the sensor. 
Thus, the output signals characterizing formation are in- so 
dependent of the paper speed. 

The signal processing circuitry of the present inven- 
tion has a plurality of electrical channels. Each channel 
processes basis weight signals from the basis weight 
sensor corresponding to a different predetermined mi- ss 
numum floe size, and floe sizes larger than that mini- 
mum. This is accomplished by placing a low pass filter 
at the input end of each channel. The signal from the 



basis weight sensor is fed into each of these low pass 
filters. However, the low pass filter of each succeeding 
channel has a cutoff frequency lower than that of the low 
pass filter in the preceding channel. In addition, the cut- 
off frequency for each of these low pass f i Iters is variable 
and is controlled to be proportional to the speed with 
which the paper passes through the sensor. Thus, the 
cutoff frequency for the low pass filter of each channel 
corresponds to floes of a particular predetermined min- 
imum size and continues to correspond to floes of this 
predetermined minimum size even when the speed with 
which the paper moves through the sensor is changed. 

The output of each low pass filter is directed to a 
separate AC to DC converting circuit which converts the 
filtered signal from the associated low pass filter to a DC 
output proportional to the root-mean -square (hereinaf- 
ter -RMS") value of the signal from the low pass filter. 
The output of each AC to DC converter therefore indi- 
cates the magnitude of the variations in the basis weight 
of the sheet created by floes of a certain minimum size 
(i.e. the floes modulating the basis weight signal at a 
frequency just below the cutoff frequency) and all floes 
larger than that minimum size. 

Additionally, the signal from the low pass filter of the 
first channel (the first channel low pass filter has the 
highest cutoff frequency) can be directed to a peak de- 
tector circuit. This circuit can be made to indicate the 
maximum intensity of the basis weight signal over a pre- 
determined length of paper whicrrpasses through the 
basis weight sensor or the average of several signal 
peaks. A more intense transmitted light beam corre- 
sponds to a lower basis weight. Therefore, when the 
peak detector is made to indicate the maximum intensity 
of the basis weight signal, the magnitude of the output 
of the peak detector circuit characterizes the strength of 
weakest point of the sheet. Alternatively, when the peak 
detector circuit is made to indicate the average of sev- 
eral signal peaks, then the output of this circuit charac- 
terizes an average of the strengths of several of the 
weakest points in the sheet. 

Moreover, the signal from the low pass filter of the 
first channel can also be directed to a floe size measur- 
ing circuit. The fioc size measuring circuit includes a 
comparator circuit which compares the value of the sig- 
nal from the output of this low pass filter to a value in- 
dicative of the average basis weight of the sheet. The 
output from the comparator circuit indicates the rate at 
which the signal from the first channel low pass filter 
achieves a value corresponding to the average basis 
weight of the sheet. If the signal from the first channel 
low pass filter only relatively rarely crosses the line cor- 
responding to the average basis weight, then the sheet 
is composed of floes of relatively large size. Alternative- 
ly, if the basis weight signal frequently crosses the av- 
erage basis weight line, then the sheet is made of rela- 
tively small floes. Thus, since the speed with which the 
paper sheet passes through the basis weight sensor is 
known, the floe size measuring circuit can compute, 
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from the sheet speed and the output from the comparitor 
circuit, the size of the floes forming the sheet. 

Each of the three parameters discussed above -- 
the magnitude of variation in the basis weight, the 
strength of the weakest portion or portions of the sheet 
and the fioc size-- relate to the formation or evenness 
of distribution of the fibers comprising the paper sheet. 
Since, as previously mentioned, the formation of a sheet 
of paper is of paramount importance to its optical, me- 
chanical and printing properties, a paper maker can use 
the three types of electrical output signals of the present 
inventive device to help achieve an even distribution of 
fibers, and hence a well-formed paper sheet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates wavelength power spectra for sev- 
eral different grades of paper. 

Fig. 2 illustrates one embodiment of the basis 
weight sensor of the present invention. 

Fig, 3 illustrates a chopper wheel for calibrating the 
device of the present invention. 

Fig. 4 illustrates a block diagram of one embodi- 
ment of the circuitry of the present invention used to 
process signals from the basis weight sensor of Fig. 2. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



A. The Basis weight Sensor 

Fig. 2 illustrates a presently preferred embodiment 
of the basis weight sensor 10 of the present invention. 
This sensor 10 can be considered as consisting of two 
halves, a "source" half 12 and a "receiver" half 14. The 
source half 12, disposed on one side of the sheet of pa- 
per 16, directs a beam of light through the sheet 16 
whose formation is to be determined. The receiver half 
1 4 is disposed on the opposite side of the sheet 1 6 and 
produces an electrical signal proportional to the intensity 
of the light which is transmitted through the sheet 16. 
The source half 12 includes a light source 18, such as 
a high intensity incandescent lamp 20, and a reflector 
22 for directing the beam of light from the lamp 20 toward 
the sheet 16. As the light travels toward the sheet 16, it 
passes through a diffuser 24 which randomizes the di- 
rection of the photons as the beam passes through it. It 
is important to use a diffuse source of light. If a non- 
diffuse source of light is used, the receiver half 1 4 of the 
sensor 1 0 may measure variations in the intensity of the 
transmitted beam caused by variations in the reflect- 
ance of the sheet surface to light coming from one par- 
ticular direction, rather than variations in transmitted 
light intensity caused by local variations in basis weight 
of the sheet 16. 

The receiver half 14 of the sensor 10 includes a 1 
mm. diameter sapphire light pipe 26 for directing a small 
spot of the diffuse light beam which is transmitted 



through the sheet 1 6 toward a lens system 28. This lens 
system 28 focuses the light from the light pipe 26 onto 
a light sensitive silicon photodiode 30. The photodiode 
30 produces an electrical output signal proportional to 

5 the intensity of the spot of transmitted light. 

It is important that the sheet 16 be held firmly 
against the end of the light pipe 36 as the sheet passes 
through the sensor 10 so that any light impinging upon 
the end of the light pipe 36 must have traveled through 

*0 the sheet 16. To accomplish this goal, the source half 
1 2 of the formation sensor 1 0 is formed with protrusions 
32, called "skid plates", on opposite sides of the light 
pipe 26. In addition, the end of the light pipe 36 extends 
toward the sheet 1 6 and is protected by another skid 

'5 plate 34 surrounding the light pipe 26 such that the pa- 
per sheet 16, travelling in the direction of the arrows 38 
between the source and receiver halves of the sensor 
10, is held by the skid plates 32, 34 against the end of 
the light pipe 36. 

20 As the paper sheet 16 passes between and rubs 
against the skid plates 32, 34 and the end of the light 
pipe 36, the paper will tend to wear away the skid plates 
and the end of the light pipe 36. The skid plates 32, 34 
are therefore constructed of an abrasion resistant ma- 

25 terial such as steel alloys and the light pipe 26 is made 
of sapphire or some other similarly transparent but abra- 
sion resistant material. 



30 



B. The Signal Processing Circuitry . 



As previously mentioned, the basis weight sensor 
10 produces an electrical signal the magnitude of which 
is inversely proportional to the basis weight of the por- 
tion of the sheet 16 through which the detected spot of 

35 the light beam transmitted. The sheet 1 6 is formed from 
floes so that the transmitted beam intensity, and hence 
the sensor signal, varies as the paper sheet 16 passes 
through the sensor 10. The sensor signal is then ampli- 
fied and the amplified sensor signal is fed to the signal 

4 o processing circuitry. This circuitry is designed to process 
the sensor signal to yield electrical output signals indic- 
ative of: (1) the magnitude of the variations in basis 
weight of the sheet caused by floes of predetermined 
minimum sizes or range of sizes; (2) the strength of the 

45 weakest portion or portions of the sheet; and (3) the size 
of the floes forming the sheet. 

A presently preferred embodiment of the signal 
processing circuitry 50 is shown in block diagram form 
in Fig. 4. This signal processing circuitry 50 comprises 

so a plurality of low pass filters 52-62. Each filter 52-62 is 
associated with a particular electrical "channel". Each 
channel includes one of these low pass filters 52-62 and 
an RMS-AC to DC converter 78-88. The device of the 
present invention may have any number of channels 

55 (channels 4-5 are omitted to simplify the figure). In the 
embodiment of Fig. 4, the device has six channels. Each 
of the six low pass filters 52-62 receives two input sig- 
nals. The first input signal to each of the six low pass 
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filters 52-62 comes from the previously described basis 
weight sensor 1 0. This signal is directed to the first input 
of each low pass filter 52-62. 

The cutoff frequency for each low pass filter 52-62 
is proportional to the frequency of a second input signal. 
The frequency of the second input signal is not the same 
for each low pass filter 52-62. Instead, the frequency of 
the second input to each low pass filter 52-62 is one- 
half of the frequency of the signal fed to the second input 
of the low pass filter of the preceding channel. Thus, the 
cutoff frequency of the first channel low pass filter is 
highest and the cutoff frequency of the sixth channel low 
pass filter 62 is lower than the cutoff frequency of any 
of the other low pass filters 52-62. In other words, the 
first channel low pass filter 52 passes a signal from the 
basis weight sensor 10 the highest frequency compo- 
nent of which corresponds to a certain minimum floe 
size. The sensor 10 cannot sense changes in basis 
weight that occur in less than 1 mm since the light pipe 
26 (Fig. 2) of the basis weight sensor 10 has a 1 mm. 
diameter. Thus, the highest frequency basis weight sig- 
nal sent to the low pass filters corresponds to 1 mm. 
floes. Therefore, in the present embodiment, the fre- 
quency of the signal sent to the second input of the low 
pass filter 52 of channel 1 is adjusted so that that this 
low pass filter 52 has a cutoff frequency correpsonding 
to variations in the basis weight caused by 1 mm. floes. 
The frequency of the signal sent to the second inputs of 
the low pass filters 54-62 of channels 2-6 is adjusted so 
that the cutoff frequencies of these low pass filters 54-62 
correspond to floe sizes of 2mm, 4mm, 8mm, 16mm, 
and 32mm, respectively. The frequency of the second 
input to each low pass filter 52-62 is also proportional to 
the speed with which the paper passes through the sen- 
sor 1 0. Thus, the cutoff frequency of each low pass filter 
52-62 continues to correspond to a basis weight signal 
frequency characteristic of floes of the above-mentioned 
sizes, even when of the speed with which the paper 
sheet passes through the sensor 1 0 changes. 

In the present preferred embodiment, the second 
input signal to each low pass filter 52-62 is derived by 
first measuring the speed with which the paper sheet 
passes through the sensor 10. Devices which measure 
the speed of a paper sheet are well known in the art. 
Many modern paper mills are highly automated and in- 
clude a computer which monitors and controls various 
parameters of the paper making process. Thus, in the 
present preferred embodiment, a digital signal from the 
mill's computer indicative of the paper speed is conven- 
iently used to control the cutoff frequency of the low pass 
filter 52-62 of each channel. This digital speed signal is 
directed to a digital to analog converter 64 which re- 
ceives the digital speed signal and outputs a voltage 
proportional to the paper speed. This voltage is then in- 
put to a voltage to frequency converter 66 (hereinafter 
"VFC"). The VFC 66 then outputs a signal having a fre- 
quency which is proportional to the output voltage of the 
digital to analog converter 64 and hence to speed of the 



paper passing through the sensor 1 0. Each channel, ex- 
cept the first channel, includes a frequency divider 
68-76. The signal from the VFC 66 is fed directly into 
the second input of the first channel low pass filter 52, 
5 and also into the frequency divider 68 of the second 
channel. The frequency divider 68 of the second chan- 
nel divides the frequency of the signal received from the 
VFC 66 and the resufting lower frequency signal is fed 
to the second input of the low pass filter 54 of the second 

10 channel and also to the frequency divider 70 of the third 
channel. Thus, the second input to the low pass filter 52 
of the first channel is at frequency X. Frequency X cor- 
responds to the speed with which the paper passes 
through the sensor 10. Since divide-by-two frequency 

is dividers are used in the present preferred embodiment, 
the frequency input to the low pass filter 54 of the second 
channel is at frequency X/2. The signal output by fre- 
quency divider 68 of the second channel is also fed the 
input of the frequency divider 70 of the third channel. 

20 Each succeeding channel 4, 5, and 6 also have frequen- 
cy dividers, for example frequency divider 76, which re- 
ceive the signal from the frequency divider of the pre- 
ceding channel and output a signal at one-half the fre- 
quency of the received signal. Thus, the frequency of 

25 the signal fed to the second input of the low pass filter 
56 of the third channel is at frequency X/4, the frequency 
of the signal fed to the second input of the fourth channel 
low pass filter (not shown) is X/8, etc. In this way, the 
output of the low pass filter 5% of the first channel corn- 
so prises frequencies corresponding to floe sizes greater 
than or equal to a minimum size, i.e. 1mm. The highest 
frequency passed through to the output of the low pass 
filter in each succeeding channel corresponds to floe 
sizes of increasingly larger minimum size, i.e. 2mm, 

3S 4mm, 8mm, 1 6mm and 32mm. The output of each chan- 
nel's low pass filter 52-62 is then processed to indicate 
various formation parameters of the sheet being sensed 
for floe sizes at and above the minumum floe size for the 
particular channel. 

40 To derive an output signal indicative of the magni- 
tude of the variations in the basis weight of the sheet, 
the output of each low pass filter 52-62 is directed to an 
associated AC to DC converter 78-88. Each AC to DC 
converter 78-88 produces a DC voltage equivalent to 

45 the RMS value of the AC signal output from the associ- 
ated low pass filter 52-62. The RMS value of the DC 
voltage produced by each AC to DC converter 78-88 is 
proportional to the magnitude of variation in the basis 
weight of the sheet caused by floes of a particular min- 

50 imum size. Since the cutoff frequency of the low pass 
filters 52-62 in each succeeding channel is set to suc- 
ceedingly lower frequencies, the magnitude of the RMS 
DC output voltage of each succeeding channel corre- 
sponds to the magnitude of variation in the basis weight 

55 of the sheet caused by succeedingly larger minimum 
floe sizes. 

In certain situations, the mill operator will want to 
know the magnitude of the basis weight variations in the 
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sheet caused by floes in a particular size range The de- 
vice of the present invention can provide this information 
by simply subtracting the RMS DC output of the AC to 
DC converter of one channel from the RMS DC output 
of the AC to DC converter of another channel. The dif- 
ference between the value of these outputs corresponds 
to the magnitude of the basis weight variations caused 
by floes in the size range between the cutoff frequencies 
of the low pass filters of the two channels. 

A subtracting circuit 122 may be provided to re- 
ceive, at inputs 1 and 2, the output of any two selected 
AC to DC converters. This subtracting circuit produces 
an output voltage corresponding to the difference be- " 
tween the outputs of the two selected AC to DC convert- 
ers. Alternatively, if the output of the various AC to DC 
converters are numerically displayed, then the paper 
mill operator can obtain the difference between any two 
such outputs by subtraction. For example, to determine 
the magnitude of the basis weight variations caused bv 
floes between 4mm and 8mm, the paper mill operator 
simply subtracts the value of the output of the fourth 
channel AC to DC converter from the value of the output 
of the third channel AC to DC converter 

Many standard "RMS" AC to DC converters actually 
measure the peak-to-peak voltage of the incoming sig- 
nal and then provide an output DC signal which corre- 
sponds to the true RMS value of the input signal only if 
the input signal is sinusoidal. However, the basis weight 
signal waveshape is generally not sinusoidal It is there- 
fore usually important that the AC to DC converters 
7B-88 of the present invention output a DC voltage cor- 
responding to the true RMS value of the basis weight 
signal, otherwise the output signal of these AC to DC 
converters 78-88 may provide an inaccurate measure 
of the basis weight variations. 

The use of true RMS-AC to DC converters is par- 
ticularly important when the output of the converter of 
one channel is subtracted from the output of a converter 
of anotherchannel to thereby determine the contribution 
to the basis weight variations caused by floes in a par- 
ticular size range. Floes of different sizes may cause the 
same peak-to-peak changes in the basis weight signal 
even though their contribution to the RMS value of the 
basis weight signal is different. Thus, subtracting an AC 
to DC converter output derived from a basis weight sig- 
nal containing frequencies corresponding to, for exam- 
ple, 8mm. minimum floe sizes, from one corresponding 
to 4mm. minimum floe sizes, should and would yield a 
signal indicative of the contribution to basis weight var- 
iation caused by floes in the 4-8 mm size range, if true 
Ac to Dc converters are used. However, if the 
"RMS" signal is actually derived from a measurement of 
the peak-to-peak signal value, and floes of different siz- 
es are causing the same peak-to-peak change in basis 
weight signal, then the difference between the outputs 
of the two AC to DC converters would be zero However 
this would not be a correct indication of the contribution 
to basis weight variation caused by the floes in the 4-8 
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mm range. Thus, the use of standard peak-to-peak AC 
to DC converters may give false readings when used in 
the device of the present invention. 

The second parameter, indicative of the strength of 
he weakest portion of the sheet, is obtained by feeding 
the output of the low pass filter 52 of the first channel to 
the input of a peak detecting circuit 90. Since, as previ- 
ously mentioned, the magnitude of the intensity of the 
transmitted beam is inversely proportional to the basis 
weight of the sheet, the magnitude of the AC signal at 
the output of this low pass filter 52 will also be inversely 
proportional to the local basis weight of the portion of 
the*heet then being sensed by the sensor 10. The peak 
detecting circuit 90 may be designed to provide a DC 
output proportional to the largest voltage peak which 
passes through the first channel low pass filter 52 in a 
predetermined time period or for a predetermined length 
o sheet passing through the sensor 1 0. The magnitude 
o this signal indicates the weakest point in the sheet 
Alternatively, the peak detector circuit 10 may also be 
designed to produce an output proportional to the aver- 
age of several signal peaks over a set period of time or 
engtn of sheet passing through the sensor 10 In this 
latter case, the output of the peak detector circuit 90 
would characterize an average weak spot in the sheet 
The signal processing circuits 50 of the present in- 
vention may provide the paper manufacturer with yet a 
third output signal indicative of another characteristic of 
the paper sheet - the average flci size. To obtain this 
parameter, the output of the low pass filter 52 of the first 
channel is fed to a floe size measuring circuit 92 This 
circuit 92 counts the number of times, during a prede- 
termined time interval, that the output signal from the 
low pass filter 52 of the first channel achieves a value 
corresponding to the average basis weight of the sheet 
The frequency with which this signal crosses this aver- 
age basis weight value divided by the speed of the paper 
hrough the sensor indicates the average size of the 
floes forming the sheet. The floe size measuring circuit 
92 electronically performs this division and outputs a 
signal corresponding to the average floe size For ex- 
ample, rf the paper sheet is moving at 1000 nVmin and 
the output from the low pass fitter of the first channel 
achieved a value corresponding to the average basis 
weight 3333 times in a one second time interval, then 
the average floe size of the sheet is 10mm (1000m/min 
•Imm/SOseclsec/SSSScrossings . 2crossings/flcc) 
Thus, by sensing the basis weight of the paper sheet 
along a line or curve (hereinafter collectively "line") 
along the sheet surface, the device and method of the 
present invention can provide the paper manufacturer 
with an output signal indicative of the size of the floes 
forming the sheet. 



« c. 



Use and Calibration of tha n m ,\^ a 



In a paper mill, paper is typically produced in sheets 
about 25 feet wide. To characterize the entire sheet, one 
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bas,s weight formation sensor can be moved or 
scanned- back and forth in the "cross direct™ oHhe 
sheet (..e. across the width of the sheet, as the shee! 
moves along in the "machine direction" ( e theTnl 
wise direction,. Aiternatively, a p , uralit y of sensors 
be scanned back and forth in the cross direction across 
only a part of the width of the sheet. If. for example so 

then el? SenS ° rS US6d ° n 3 25 f °°< 
then each sensor would be made to scan back and forth 

across a 6 inch wide strip of the sheet. Typical? p °« 

mills produce such sheets at about more thanlWfee 

per minute and the back and forth scanning speed* 

he sensor ,n the present embodiment may be set at6o" 

feet per mmute. Thus, the cutoff frequency of the ow 

ST25 r T made proportional on| y to »• 

wrth which the sheet moves in the machine direction 
wrthout introducing substantial error into the S 
naadings. The additional contribution tothe speed with 
which the paper moves through the sensor, caused bv 
the cross directional movement of the sensor, is S 
mal. and can usually be ignored 

Fig 2Uo h nn reC f iV8r P3rt ° f baS ' S W6l '9 ht se "s°r 1 4 
(F g^Jtooperateproperly, the light from the source side 

e f om the ™* * ^ M * °"> osi,e ^ 
sheet from the rece Wer 14 . However, the two halves of 

^^^'^^nsor^cannotbedirectly connected 
together since the paper sheet 16 passes between 
these two halves. A number of different mechanTs™ 
can be used to keep the two halves of the senTon?" 
d-recy opposite to each other ag • ™*» JO 

forth across the sheet ^ 6. One such devL, for Smote 

their sZT (not ° ne ° n 

me sheet 16. The source side of the sensor 12 rides on 

one of the tracks and the receiver side of the sensed S 

ndes on the other track. A gear or puNey sys em moves 

thetwohalvesofthesensorin unison and opposite 
other back d forth across (he wjdth PP each 

th.s way, the source 12 and receiver 14 halves rema n 
d-rectly opposite each other without the necessiH 
penetramg the sheet with a connecting memb" 

Calibration of the device of the present invention 
may be done "off sheet", i.e. withouf having a p "er 
sheet between the two sensor halves To caLats Tho 

2-3, is positioned between the sensor's light source 18 
and photodiode 30. In the present embodiment ° he 

Sisc foslf It PPer Wh6el 100 iS made ,rom a cir ^'ar 
disc 102 of opaque material having a plurality of radial 

2* ? nif fiVen 31 8 kn ° Wn r0,ati0 -' Z 
he photod,ode 30 receives pulses of light The pulsing 
ate is determined by the predetermined speed of rote 

/^n L , . ' 0W PaSS fllters of a » cha "nels 52-62 
to or n r Smil Signals t0 the associated RMS-AC 
owe?™ "^^^^^"•"y^^ingsuccessively 
lower paper speeds, the low pass filter cutoff frequen 



12 



S?^ M brat6d - Forexam P'e. if a chopperwheel 
100w,thfourradialslots 1 04,likethatofFig. 3 LoTated 
at a speed of 142.5 rotations per second the choicer 

below 1094 m/mm., only channels 1-5 will provide an 

- ZZ aS?" n CreaS6S in th6 Pap8r S P°* sCwi 
cause additional lowpass filters to cutoff the signal from 
the basis weight sensor 1 0. 

Any device which modulates the intensity of the liqht 
reachmg the light detector can be used other than a 

chopperwheeMOO.Forexamp.e.atuningfork.thearm 8 
of which oscillate into and out of the light beamTa 

^^^^^^ 

reflect T* °' ^ preferen,ia »y absorb or 
20 S 11 ert *n frequencies of light. Therefore, to opti- 
mize the sensitrvrty of the basis weight sensor to chano- 

2, may be placed in the path of the light beam This band 
pass filter 1 10 will preferentially pass light of certain fro 
quencies to the photodiode 30 " ^' 

25 „f th T ° P ^° Perly meaSUfe varia,i ons in the basis weight 

weich, 22 f " is importan ' ,hat ,he am P»"^S 

weight signal from amplifier 120 (Fig. 4) be inverseh/ 
propor, ional , 0 the basjs weigh , oi \ h lJ™™^ 

- z zx% V* basis weight si9nai fed * »• 

low pass filters 52-62 responds linearly to changes in 

basis weight, theamplifieddetectorsignLan bemeas 
ured w„h and wrthout a neutral density' „„er 1 30 (^ 2) 

Sfer 1 ? ^ ° f th9 "' 9ht b6am - The ™™ density 
centage^ The ampl.tude of the amplified basis we^ht 
s.gnal should be measured firs, whife the prSt 1 Xs 

Lm ThTn^n 1 denS,,y ,,,,er 130 ° Ut ° f the 
the beam. Then, the neutral density filter 1 30 is pivoted 

by the pivo. 132, into the path of the beam Z ,he 
«^ity filter 130 is in the beam path. tnTl "! 

We,9h V Si9na ' Sh0M a 9 ain ^ measured 
Noni ln ear,t,es ,n the output of the sensor can then be 

SoThanhf T bV adjUStin9 ,hS 120 (Fi . 4 

sothatthechange , n the amplitudeof the amplified basis 

1 30 in the beam path linearly corresponds to the known 
change ,n he light beam intensity caused by positS 
the neutral density filter 1 30 in the beam path 

» ventL^ ri; e a COn , S,rlJC,ed aCC ° fdin9 ,0 the P rese "1 in- 
vention, for example as described in the presently ore- 

vided with output s.gnals which correspond to three im- 
portan parameters in paper manu4uri g he 

- she g e:rsed bv e f, Varia f " '' n ^ ^ ^ « *>* 
sheet caused by floes of predetermined minimum sizes 

or^geof sizes; (2) the strength of the weakTstpoln 

inoTheT T h B eSheet;and(3),hesi2eo,the fl°«for 
mg the sheet. By monitoring these parameters, the pa- 
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ss^ffjiir paper mawn9 
P Sn?s opt,cal and tex,urai properti9s - *s 

One preferred embodiment of the basis weioht sen 

Nevertheless i, will be understood that 

canons may be made to the basis weight sensor Tst 

.ng from the spint and scope of the invention. Forewarn 

Sevens : diameter of ,he ,i9ht "» ° f £ts 

weight sensor corresponds to the smali^t • 

bas s we,ght sensor will correspond to floes hZ"! 
minimum sj29 eq(Ja , (0 ^ ^ £ hav n 

Thus a low pass filter in the first channel is not neces 

chaleT, 6 ° nly Wan,6d ,0 si ^ls from thTf , 

channel corresponding to floes having a minimum s 2 

pTd *T °' ^ P'P- 'nsTead he am 

ine HMS-AC to DC converter of the first channel Fur 

lH's £ ^ ° U,PUt Si9nal from the 'ow 

pass filter of a channel other than the first chan^i . 

sr. 1 ? is sent ,o ,he peak ^c^s^s ° h : 

floe size measunng circuit. Alternatively, the stand 
processing circuitry may be so constructed that the S 

oe selected from the low pass filter of any desired chan 
nel. Th,s ,s indicated in Fig. 4 as an optional desS 
Moreover, sheet materials other than paper mav b. 

vice of the present invention. Thus, the present inv.n 

senbed herein, nor ,s ,t limited strictly .0 use with paper. 
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Claims 

1. A sheet formation characterising device, the sheet 
includ.ng flocs of varying sizes, I devjce £j£ 
mg a basis weight sensor (10) for sensing the basis 
weigh, ofalocalised portion of thesheet ?l6)a^n" 
sheet (16) moves past the sensor (10) and produ c 

-ng an output signal indicative of said basis weigh • 
and w hereln a amy Qf channe|g e jht 

the basis we,ght sensor (10) for processing the ba- 
s is weight output signal, each channel including a 
signal filter (52,54,56,62) for receiving the basis 
we ( gh. signal and producing a filtered output each 
Mer Menng out a„ frequency components oHhe 
bas 1S we.gh. signal above a predetermined \re 
quency. the predetermined frequency being differ 
ent for each filter and corresponding to a predel 
mined floe size, and wherein a respect S S DC 
converter (78,80,82,88, is coupled'to each fi, er S 
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8. 



4. 



generating DC output indicative of the true RMS val 
ue of the filtered basis weight signal. 

Adevicein accordance with claim 1. wherein means 
(122) are provided for subtracting the DC output 
generated by one o, the AC to Dc'eonverters 'm 

A device in accordance with claim 1 or claim 2 
wherein floe size measuring means (92) are Zer- 
atively coupied to the basis weigh, sensor ?1 JSr 
generatingan outputsignal indicative of the numbe 
of times the basis weight signal received by I flt 
measuring means (92) achieves a predetermined 
value during a predetermined time interval 

A device in accordance with any preceding claim 

-ng sheet of materia, which includes floes of varying 
sizes, the method comprising the steps of: 9 

moving the sheet of material pas. a sensor 
which senses the basis weight of the material 
and produces an output signal indicative of said 
basis weight; 

processing said output basis weight signal us- 
ing a Plurality of channels each of which pro- 
duces a filtered output by filtering out all fre- 
quency components of the basis weight signal 
above a .pre-determined frequency, the prede- 
termined fre °-"ency being different for each 
channel and corresponding to a predeter- 
mined floe size; and 

converting each AC filtered signal to a DC out- 
put signal indicative of the true RMS value of 
the respective filtered signal. 

. A method according .0 claim 5, further comprising 
the steps of: selecting two of the DC outputs- 22 
subtracting the value of one of (he seiec.ed DC £ 
puis from the value of the other o, the selected DC 

A method according .0 claim 5 or claim 6, further 
comprising the step o, producing an output signa 
* W , 01 ,he ™"*er °' times .he basis weigh 
determined timed interval. 

A method according to any one of claims 5 to 7 

TTM Va '" e ° f ,he P^erminedTrequ ncy 
for each filtered output is varied in response to 
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changes in the speed at which the sheet is moving. 
Patentanspruche 

1. Vorrichtung zur Charakterisierung einer Bogenbil- 
dung, wobei der Bogen Ftocken unterschiedlicher 
Gro6eumfaSt, und wobei die Vorrichtung einen Fla- 
chengewichtsensor (10) zum Erfassen des Fla- 
chengewichts eines ortlich begrenzten TeilstQcks 
des Bogens (16), wahrend der Bogen (16) sich am 
Sen*,r (10) vorbeibewegt, und zum Erzeugen e T 
nes Ausgabesignals, das auf das Flachengewicht 
achheBen bat, umfaSt; und bei der eine Mehrzah 
von Kanalen zum Verarbeiten des Flachengewicht- 

rTo^ e 9n f' S Flach e«htsensor 
0) gekoppelt amd. wobei jeder Kanal ein Signal- 
ftlter (52, 54, 56, 62)zum Empfangen des Flachen- 
gewichtsjgnals und Erzeugen einer gefilterten Aus- 
gabe umfaflt, wobei jedes Filter alle uber einer fest- 

£> Hi e rrl qUenZ " e9enden Fre ^enzkom P on en- 
en des Flachengewichtsignalsausflltert, wobei die 
es getegte Frequenz bei jedem Filter verschieden 

ist und e^erfestgelegten FlockengroBe entspricht, 

. If LT JeW9ili9er D rahstrom-Gleichstrom- 
Umformer (78, 80, 82, 88) mil jedem Filter zum Er- 
zeugen einer Gleichstromausgabe, die auf den tat- 
sach .chen Effektivwert des gefilterten Flachenge- 
wichtsignalsschlieBen lam, gekoppelt ist ■ 



75 



2. Vorrichtung nach Anspruch 1, bei der Mittel (122) 
zum Subtrahieren der von einem der Drehstrom- 
Gleichstrom-Umformer erzeugten Gleichstromaus- 

Gle,ch S trom-Umformer erzeugten Gleichs.romaus- ss 
gabe bereitgestellt sind. 

3. Vorrichtung nach Anspruch 1 oder Anspruch 2 bei 
der Mittel (92) zum Messen der FlockengroSe wirk- 
sam m.t dem Flachengewichtsensor (10) gekoppelt 40 
sind, urn ein Ausgabesignal zu erzeugen das £- 
auf schlieGen laflt, wie oft das von dem Mittel (92) 
zurr .Messen der Flocken empfangene Flachenge- 
wichts gnal wahrend eines festgelegten Zeitraums 
einenfestgelegtenWerterreicht 



16 

Bewegen des Materialbogens an einem Sen- 
sor vorbei. der das Flachengewicht des Mate- 
rials erfaGt und ein Ausgabesignal erzeugt 
welches auf das Flachengewicht schlieOen 

Verarbeiten des Flachengewicht-Ausgabesi- 
gnals unter Verwendung einer Mehrzahl von 
Kanalen, von denen jeder durch Ausfiftern aller 
uber e,ner festgelegten Frequenz liegenden 
Frequenzkomponenten des Flachengewichtsi- 
gna s eine gefilterte Ausgabe erzeugt, wobei 
die festgelegte Frequenz fur jeden Kanal ver- 
schieden ist und einer festgelegten Flocken. 
groBe entspricht; und 

Umformen eines jeden gefilterten Drehstromsi- 
gnals in ein Gleichstrom-Ausgabesignal. das 
auf den tatsachlichen Effektivwert des jeweili- 
gen gefilterten Signals schlieSen Ia3t. 

20 6. Verfahren nach Anspruch 5, welches ferner die fol- 
genden Schritte umfaBt: 

Auswahlen zweier der Gleichstromausgaben; und 
Subtrah,er e n des Wertes einer der ausgewahtten 
Gleichstromausgaben vom Wer. der anderen der 
ausgewahlten Gleichstromausgaben. 

7. Verfahren nach Anspruch 5 oder Anspruch 6, wel- 
ches ferner den Schritt .des Erzeugens eines Aus- 
gabesignals, das darauf sch.ieBen laBt, wie oft das 
Flachengewichtsignal wahrend eines festgelegten 



Verfahren nach einem der Anspruche 5 bis 7 bei 

Tl ? ,esX ^°° F'«,«enz fOr jede 

gefilterte Ausgabe als Reaktion auf Anderungen in 
der Geschwmdigkeit, mit der sich der Bogen be- 
wegt, variiert wird. 9 

Revindications 



4. Vorrichtung nach einem der vorangehenden An- 
spruche, bei der Mittel (64, 66) zum Variieren Ter 
Grenzfrequenzen als Reaktion auf Anderungen in 
der Geschwindigkeit, mit der sich der Bogen (16) 
am Flachengewichtsensor (10) vorbeibewegt be- 
reitgestellt sind. 9 

S. Verfahren zur Charakterisierung der Bildung eines 
sich bewegenden Materialbogens, welcher Flocken 
untersch.edlicherGr6f3e umfaflt, wobei das Verfah- 
ren diefolgenden Schritte umfaBt: 



1. Dispositrf caracterisant la formation d'une feuille la 
feuillecornportant destouffes de dimensions varia- 
bles, le dispositif comprenant un capteur (10) du 
poids a la rame destine a capter le poids a la rame 
d une portion localisee de la feuille (16) lors de son 
passage devant le capteur (1 0) et a produire un si- 

so h2 f T indiCa,eUr dudit P° ids a la rame, et 
dans lequel une pluralite de canaux sont couples 

2nT Ut (10) dU P ° idS 3 b rame P«" ^iter le 
signal de sort.e du poids a la rame. chaque canal 
comportant un filtre de signal (52, 54, 56 62) des- 
tine a recevoir le signal du poids a la rame et a pro- 
duire une sortie fittree, chaque filtre eliminant toutes 

JrZr 3 ? 8 66 ff<5qUenCe dU si 9 nal du P°*» 
a la rame superieures a une frequence predetermi- 

nee, la frequence predetermine etant differente 
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pour chaque filtre et corresponds a une dimen 
s-ondetouffepredeterminee, etdans lequelu ' con" 

!• Dispositif selon la revendication 1, dans leouel on 
prjort des moyens (1 22) destin es * Z£S% 
some en courant continu produite oar un Zl ? 

proouue par un autre convertisseur CA-CC. 

Dispo S it if selon la revendication 1 ou ia revendical 
tion 2, dans lequel les movens /oo\ ~ vena,ca - 
<a dimension des W^J^J^ZZ " 
nient activement au cap.eur (10) du poids a feTame' 
afm de produire un signal de sortfe indfq anTL 
nornbredefoisquelesignaldupoidsalaramelcu 
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7. 



Precede selon la revendication 5 ou la revendica 

^6, comprenantenoutreretapeconsisS o" 
Cuire un signal de sortie indiquan, le rST*E 
quote s-gnal du poids a la rame attaint Sll* 
= n, e a U co Urs d,nin,e,a,,eruC r 



8 ' iTv^T r T qUelCOnC|Uedes -vendications 
5 a 7, dans lequel on fait varier la valeur de la fre 

Wepr^etermineepourchaquesortiefilten 



4. 
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Disposrt.f selon une revendication precedents quel- 
cc^que, dans , eq uel on prevoit des rnoyens 64 66 
en eponse a des changements de la Vitesse 1 1« 

5. Precede servant a caracteriser la formation dw 
feu,ne mobile de ma.iere qui com P or»e™So Uff e s 
de dmensnns variables, le precede comprenant 
les etapes consistant a . "Wenant 

faire passer la feuille de matiere devant un cao- 
teur qu, capte ,e poids a ,a rame de 5s 

trailer ledit signal de sortie du poids a la «, 

produ-t une sortie filtree en e.iminan, tltes es 

a la rame supeneures a une frequence prede 
erm,nee, la frequence prede.erminee efamj- « 
erente pour chaque canal e, correspond a 
una ^d.me ns.on de touffe predetermines ; et 
cenvertir chaque signal fiftre en CA en un siqnal 
de sortie en CC indiquant Terreur quadra iq Ue 
meyenne vraie du signa. fiftre respectif. 9 » 

Precede selon la revendication 5, comprenant en 
outre les etapes consistant a: 0mprenant en 

selectionner deux des sorties en CC ■ et « 
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